to show that all solutions are either initially periodic, with the ball never striking the fan, or else eventually approach a periodic limit cycle, after a sufficient number of bounces away from the fan.
F(Y)
As the system (I.I) is unnaturally restricted in solution domain, we need to consider the behaviour of solutions which approach Y 0 from above. We assume elastic behaviour at this boundary, with coefficient of restitution 0 < C F < I.
i.e., a trajectory having velocity V will reverse its direction, and assume new velocity -C*FV. For the forced, fluid dynamic oscillator this corresponds to the ball striking the foreshield of the fan and rebounding with reduced velocity. Definition I: S is a set attraction for system (1.4) if any trajectory emanating initially from a point in S either remains in S, or else returns to S in finite time.
The finding of sets of attraction is a precusor to the determination of periodic solutions, as any trajectory whose initial point belongs to a set of attraction and which subsequently returns to the same point is, of necessity, periodic. Of course, whenever additional damping of any sort is present in system (1.1), no periodic solutions can exist; the motion eventually damps to the equilibrium position. However, in the case of near-inviscid fluids such as air, for vibrations of small amplitude the damping becomes almost negligible; over short periods of observation the motion then appears essentially periodic. Hence, system (I.I) affords a qualitative model of motion, assuming that the ball is spherically symmetric and homogenous in material makeup.
Otherwise, spinning motions coupled with small processions can lead to angular momentum vector having nonvanishing component perpendicular to the primary direction of flow.
Clearly, the affects of non-negligible Magnus forces leads to a problem which can no longer be considered essentially one-dimensional.
